The lightest nuclear K bound state, ppK − , is investigated in the Skyrme model. We describe the ppK − system as two-Skyrmion around which a kaon field fluctuates. The two-Skyrmion is projected onto (pp) S=0 state using the collective coordinate quantization method. We find that the energy of K − can be considerably small, and that ppK − is a molecular state. The binding energy of the ppK − is estimated in the Born-Oppenheimer approximation to be B.E. = 104 − 126 MeV. The mean pp distance is r 2 pp = 1.6 − 1.8 fm.
Introduction
For recent years, lots of theoretical or experimental efforts to explore the possibility of nuclear K-bound states [1] have been made. No firm evidences to show their existence are known up to now, although there is one result reported by FINUDA collaboration [2] suggesting the existence of the lightest K-nucleus, ppK − . On the other hand, theoretical studies of ppK − have also been done by several groups [1, 3] . In the present work, we investigate the issue of the kaonic nuclei from completely different point of view, the topological soliton model of baryons. The topological soliton of the pion field, which is called "Skyrmion", behaves like a nucleon [4] . Hyperons can be well described as bound states of K and a Skyrmion [5] .
We describe the ppK − system as two-Skyrmion around which a kaon field fluctuates [6] . The two-Skyrmion is projected onto spin-singlet proton-proton state using the method of collective coordinate quantization. We derive the kaon's equation of motion for the Skyrmions at fixed positions. Then we obtain the energy of kaon as a function of the pp relative distance. Next, we solve the dynamics of the pp radial motion to estimate the binding energy of the ppK − . The possible structure of the ppK − state is also discussed.
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Behavior of K − coupled to pp
First, we derive the equation of motion for K − coupled to pp. We assume the following ansatz for the chiral field, U = U (1)U K U (2), where U (1) and U (2) are the fields of the baryon number B = 1 SU(2) Skyrmions whose relative distance is R. U K is the field carrying strangeness. By substituting the ansatz into the action of the Skyrme model, we obtain the Lagrangian for the kaon field under the background of B = 2 Skyrmion. KNN interaction is unambiguously determined once the ansatz for U is given. By applying the collective coordinate quantization method, we project the two-Skyrmion onto the spin-singlet pp state. The direction of the line joining the two Skyrmions is averaged. Then the background field becomes spherical, which allows us to perform the spherical partial wave analysis.
We solve the kaon's equation of motion numerically. We take m π = 0, m K = 495 MeV, F K /F π = 1.23. For F π and the Skyrme parameter, e, we examine two choices (i) Set I: fitted to N and Δ masses, F π = 129.0 MeV and e = 5.45, (ii) Set II: fitted to Δ and Λ(1405) masses, F π = 129.7 MeV and e = 5.0.
The left panel of Figure. 1 shows the energy of K − , ω, as a function of the pp relative distance, R. We can see the dependence on the choice of the parameter is weak. Looking at the S-wave channel, the binding of the kaon is extremely strong for smaller distance, i.e. R < ∼ 1.0 fm. As R is increased, the binding becomes looser. However, at R = 2.0 fm, for instance, which is close to the average inter NN distance in normal nuclei, the binding is still deep: the binding energy is about 140 MeV.
In the right panel of Figure 1 , we plot the distribution of K − in S-wave. The distribution for relatively larger separation, R > ∼ 2.0 fm, is characteristic to molecular orbital states [6] . This is expected from the fact that the potential acting on the kaon is a double-well potential which is most attractive at the proton's respective position. Then K − experiences the strong attraction from pp without increase of the kinetic energy. In this sense, it is quite natural that the binding of K − to two-proton is stronger than to one proton.
pp radial motion
We assume that the pp radial motion is governed by the Hamiltonian,
where T NN is the kinetic energy and the nucleon is regarded as a non relativistic point like particle with the mass M N = 939 MeV. V NN (R) is the state-independent part of the NN potential obtained from the product of B = 1 Skyrmion. ω L=0 (R) is the S-wave kaon's energy. V NN (R) + ω L=0 (R) − m K can be regarded the effective pp potential in the ppK − system. In Figure 2 , we show the behavior of the potential terms. The attractive potential generated by bound kaon (lower curve), ω L=0 (R) − m K , is so strong that it overcomes the strongly repulsive V NN (R) (upper curve). As a result, the effective pp potential in the ppK − system (middel curve) is strongly attractive in the medium range.
The energy of the ppK − state is obtained by solving the Schrödinger equation. In Table 1 , we diplay the energy of the ppK − bound state relative to 2M N + m K , its decomposition, and the mean pp distance. Our result of the ppK − binding energy is 104 − 126 MeV. The smallness of the NN kinetic energy may imply that the Born-Oppenheimer approximation is not so poor. The mean pp distance is 1.6 − 1.8 fm, which is smaller than or comparable with the average NN distance in normal nuclei.
Conclusion
We have applied the Skyrme model to a study of the lightest K-nuclear bound state, ppK − . The ppK − state can be realized as a very deeply bound − ... 5 Acknowledgment
